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@ Stablllratlon of polyether poly-amlno methylene phosphonate scale Inhibitors. 

® f.^'!l^!^^''-^'^^^"'*M° r'^^yJ^P^ Phosphonales. whk:h possess high cafcium tolerance and have been 
IZrlin ^'""f '"hibitjon of the formation, deposition and adherence of scale-forming s^U 

nM hi^h^."^ I''"^ ^^1^^°^^ ^y^*^"^^ 'nvolving severe conditions which indude e^vated 

n^H^^n '^^"^"^ f^d high saturation levels of caldum carbonate, are degraded by ^e 

h^.^rf bromine and chtonne used to control microbial growth in such aqueous systerns It 

^.v .r. ^HH^^ "^^"^ sulfon^rnides provide excellent protection against such degrBdaC when 

Tc^e inhibilorf ^''''^"^ ^''^ polyether potyamino methylene phosphonate 
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BACKGROUND OF THE INVENTION 



I 

4. 



1. Field of the Invention 

The present invention relates to compositions and methods for inhibiting the degradation of poly ether poly- 
amtno methylene phosphonate scale inhibitors by the oxidizing bloctdes bromine and chlorine in an aqueous 
system where said phosphonates have been added to prevent the formation, deposition and adherence of al- 
kaline earth metal scale deposits, especially calcium carbonate (CaCOa) scale deposits, on metallic surfaces 
of said aqueous systems, especially under conditions of high pH and high calcite concentration, e.g., those 
found in cycled up recirculating cooling systems, where the biocide. most likely bromine, has been added to 
said aqueous system In order to control the grovirth of microbes in said system. 

In order for the polyether polyamino methylene phosphonate scale Inhibiting compositions described fur- 
ther below to prevent the formation and deposition of scale in such an aqueous system, they must maintain 
a level of resistance to degradation by the oxidizing biocide, especially bromine. This Is of particular Importance 
In cooling systems such as those using cycled up recirculating cooling towers, where bromine is usually used 
In preference to chlorine. 

Such systems maintain a large body of water for a considerable length of time exposed to the atmosphere 
under conditions which do not Include sufficient aeration and exposure to sunlight to provide control of micro- 
bial, especially bacterial and fungal, growth. In particular, many cooling towers use fill composed of beads of 
synthetic polynjer or other materials, in order to extend the amount of heat exchange surface area, and this 
type of construction greatly aggravates the problem of microbiological growth, since it provides an ideal phys- 
\ca\ environment for the propagation of troublesome microbes. Unchecked, such microorganisms flourish and 
produce colonies extensive enough to gh^e rise to problems of biofilm blockage of heat exchange surfaces, as 
well as clogging of the components of the water transporting apparatus used in operating the cooling system. 

. As already indicated, such problems of unwanted microbial growth in a cooling system are usually solved 
by use of an oxidizing biocide, especially chlorine or brohnine, since these are inexpensive, effective, and pro- 
duce minimal environmental impact However, as Is well knovm, such oxidizing biocides also tend to degrade 
scale inhibitors containing an N-phosphonomethylene group, presumably by oxidative attack on the nitrogen 
atom of the group, with resultant cleavage through the methylene linking group and release of phosphate PO V 
. kins. This attack on the polyether polyamino methylene phosphonate scale Inhibitor produces detrimental re- 
sults In three v^ys. First, there js a loss of the phosphonate scale Inhibitor product itself, with consequent scale 
buildup. Second, the PO V Ions which are released react with calcium cations to form calcium phosphate scale, 
a very hard and intractable scale. Third, the PO "/ ions also adversely modify the adherence properties of the 
calcium carbonate scale whose formatbn and deposition the phosphonate scale inhibitor was Intended to pre- 
vent in the firat place. 

The Polyether Polyamino Methylene Phosphonate Scale Inhibitors and Their Use in Controlling Calcium 
Carbonate Scale under Severe Conditions 

Generally, calcium carbonate scale deposits are incrustation coatings which accumulate on the metallic 
surfaces of a water-carrying system through a number of different causes. 

Various Industrial and commercial water-carrying systems are subject to calcium carbonate scale fornr^- 
tion problems. Calcium carbonate scale is of particular concern in heat exchange systems employing water, 
such as, for example, boiler systems, and once-through and open recirculating water cooling systems. Cooling 
towers are especially significant, particularly where severe conditions, Including high pH and high calcite con- 
centrations are encountered. 

For cooling systems and similar heat exchange systenns Including cooling towers, the mechanism of scale 
formation is apparentiy one of crystallization of scale-forming salts from a solution which Is locally supersatu- 
rated in the region adjacent the heating surface of the system. The thin viscous film of water in this region 
tends to become more concentrated than the remainder of the solution outside this region. Precipitation Is also 
favored on the heat transfer surface because of the inverse solubility relationship of calcium carbonate. As a 
result, the solubility of the scale-forming calcium carbonate salt reaction product is first exceeded in this thin 
f nm. and crystallization of calcium cart>onate scale results directiy on the heating or heat exchange surface. 

The chief factor which prorTK)le6 calcium carbonate scale formation is concentration of solids dissolved in 
the water by repeat d evaporation of portions of the water phase. Thus, even a water which Is not scale forming 
on a orice-through basis usually will become scale forming when concenb-ated two, four, or sbc times. Moreover, 
alkalinity of the makeup water, with evaporative cycles over time results in an increasing alkalinity of the water 
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in the ov rail system, often reaching pH*8 of 8.5 - 9.5 and even higher. 

Because the formation of calcium carbonate scale deposits poses a serious problem with regard to re- 
tarded heat transfer, underdeposit corrosive processe s, and material interference with fluid flow, and because 

5 control of calcium carbonate scale under severe conditions of high pH and high calcrte concentrations make 
most conventional scale iiihibitors ineffective, the polyether polyamino methylene phosphonates described 
herein can be used In the same range of amounts as threshold inhibitors to prevent the formation and depos- 
ition of calcium carbonate scale. They also have dispersant properties as well and significantly reduce the ad- 
herency of any calcium carbonate scale deposit which Is formed, facilitating its easy removal. 

10 Current technology in scale control can be used to Inhibit CaCOa scale up to 100 to 120 times calotte sat- 

uration, I.e., a water containing Ca** and CO V present at 100 times (100 X) their solubility limit of calcium as 
calcite (calclte Is the most comnrK>n crystalline form of calcium carbonate). However, what Is desired are In- 
hibitors effective In greater than 150X water, especially In greater than 250X water, and more especially In 
greater than 300 X water. Le.. where the calclte ions can be prevented from precipitating as calcium carbonate 

IS scale using substolchlometrlc amounts of an Inhibitor. The polyether polyamino methylene phosphonates de- 
scribed herein are especially useful under severe conditions characterized by a calclte saturation level of 150 
X and above, especially 250X and above, and more especially 300X and above, as defined in the paragraph 
immediately below. 

Severity of the scaling tendency of a water sample is measured using the saturation index, which may be 
2^ derived in accordance with the following equation: 

SI = [CaM[CQ3^-l 
KspCaCOj 

where SI la the saturation Index for calcium carbonate. [Ca^ Is the concentration of free calcium Ions, IGO3 
^ Is the concentration of free carbonate ions, and *<spCaC03 is the conditional solubility product constant for 
CaCOa. All of the quantities on the right side of the above equation are adjusted for pH, temperature and Ionic 
strength. j 

Calculation and use of the saturation Index, andgenerationof the data from which It Is derived, are matters 
within the skill of the art See, for example. Critical Stability Constants . Vol. 4: "Inorganic Complexes", Smith 
& Mantell (1976). Plenum Press; and Aquatic Chemistry , Chap. 5, 2nd ed., Stunvn & Morgan (1981). Wiey & 
^ . Sons. 

Another characteristic feature of the severe conditions under which the polyether polyamino methylene 
phosphonates described herein are especially useful is high pH, i.e. a pH of 8.5 and higher, particularly a pH 
of 9 or 10 or even higher. A related feature of such severe conditions is high alkalinity. 

One of the particular advantages of the polyether polyamino methylene phosphonates described herein 
is the exceptional calcium tolerances which they exhibit. Calcium tolerance is a measure of a chemical corrv 
pound's ability to remain soluble in the presence of calcium Ions (Ca^. One of the parameters of scale control 
under severe conditions is pH. As pH increases, calcium tolerance decreases. 

The N-oxides of the polyether polyamino methylene phosphonates described herein are contemplated to 
experience littie. if any, degradation in the presence of chlorine and bromine biocides, since access to the ni- 
trogen atom is blocked by the presence of the oxygen atom. However, as is explained in more detail further 
below, during the process of making the polyether polyamino methylene phosphonates, unreacted starting met- 
terials and various side products are allowed to remain rather than being separated, for economic reasons. 
However, many of these materials can be degraded by the chlorine or bromine In the same way as the scale 
Inhibiting phosphonate products, releasing POV Ions with the detrimental effects discussed above. Conse- 
quently, the organic sulfonamides of the present invention which are useful for inhibiting the degradation of 
the polyether polyamino methylene phosphonate scale inhibitors, are also contemplated for use wKh the N- 
oxides of those phosphonates, even though the latter are not subject to degradative attack by chlorine and 
bromine. 
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Chlorine and Bromine Biocides , 

Chlorine and bromine are the most frequently used oxidizing biocides in aqueous systems where an antK 
fouling agent Is necessary to control the growth of microorganisms, as has already been described further 
above. The biocidal activity of Ipw concentrations of chlorine and bromine In water is Influenced to a consid- 
erable extent by factors such as pH, temperature, and the presence of other halides and nitrogen compounds. 
An important consideration in choosing one halogen over the other Is the effect of pH on shifting of the equi- 
librium mbcture formed by reaction of the halogen with water to give the halogen, the strongly dissociated hy- 
drogen halkJe, and the weakly dissociated hypohalous acid. 
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Because bromine has higher biockjal efficiency than chlorine at the high pH's (8.5 and above) encountered 
in aqueous systems such as cooling towers, bromine is the preferred halogen in those systems. Since the poly- 
ether polyamino methylene phosphonates described herein have been found to function surprisingly well as 
5 scale Inhibitors under the severe conditions, including high pH, found in such aqueous systems, the present 
Invention Is concerned primarily with stabilizing those phosphonates against degradation by bromine. However, 
because it is also possible that chlorine, or a combination of bromine and chlorine may be employed in such 
systems, it is also within the scope of the present invention to stabilize those phosphonates against degrada- 
tion by chlorine as well. 

10 The chlorine and bromine biocides are added to the aqueous systenns being treated in accordance with 

well-known procedures using various chlorine- and bromine-releasing agents, and sometimes the free halogen 
itself. For example, in the case of chlorine, gaseous chlorine may be fed directly into the water of the aqueous 
system, or it may be introduced by addition of the sodium or calcium hypochlorite salt, or other chlorine donors 
which are commonly used. For bromine, suitable bromide salts which may be used Include the alkali and al- 
ls kaline earth metal bromides, e.g., magnesium bromide, calcium bromide, sodium bromide, potassium bromWe. 
ammonium bromide, especially crystalline sodium bromide dihydrate, etc. Such matters, however, do not form 
any part of the present Invention, which Is concerned with certain organk; sulfonamides and their use with the 
polyether polyamino methylene phosphonates described herein to inhibit or prevent the degradation of the lat- 
ter by the vartous active species which result from the presence of chlorine and/or bromine In an aqueous sys- 
20 tern under severe conditions. 

The Organic Sulfonamide Stabilizers 

The search for agents useful in inhibiting the degradation of the polyether polyamino methylene phosphon- 

25 ate scale inhibitors described herein under the severe conditions typically encountered in, e.g., cycled up re- 
circulating cooling towers, has been complicated by (1) unpredictability and a poorly understood underlying 
mechanism of actk>n, so that different results are obtained using the same candidate stabilizer but different 
phosphonate scale inhibitors; (2) the further requirement that the chlorine and bromine not be Irreversibly 
bound by the stabilizing agent employed, so that they can continue their basic biocidal action In the aqueous 

30 system, and the corresponding degree to which the stabilizing agent is able to release the chlorine and bro- . 
mine; (3) the often different results obtained with chlorine and bromine, due to the complex effect of pH, tem- 
perature and other factors, thus further increasing unpredictability; and (4) the further limitations and conv 
plexltles Imposed by the severe conditions under which the stabilizing agent must successfully perform. 

For example. It may be theorized that the mode of action of the stabilizing agent Is reaction wKh hypobro- 

35 mous acid to form a bromamlne, which would give an expected order of effectiveness of candidate stabilizers 
of urea > dimethyihydanloln > sulfamic acid. But, with the widely used phosphonate scale Inhibitor hydroxye- 
thylidene-1,1-dlphosphonate (HEDP). virtually the opposite order of effectiveness was found, I.e., dlmethyi- 
hydantoin was almost ineffective, urea gave some benefit, and sulfamic acid was highly effective. On the other 
hand, when sulfamic acid was tried with HEDP and the polyether polyamino methylene phosphonates descfh 

40 bed herein, it was found to be less effective in preventing degradatkin of said phosphonates by bromine. Re- 
sorcinol was found to be effective in preventing degradation of the polyether polyamino methylene phosphon- 
ates by bromine, but so little bromine remained in solution that any aqueous system in which it was used would 
probably experience unacceptable biofouling. 

2. Brief Descrlptton of the Prior Art 

The polyether polyamino methylene phosphonates of the type whfch are to be used as the scale inhibiting 
active ingredient along wKh the organic sulfonamide stabilizing agents in the compositions of the present in- 
vention, are described in copending applicaUon Serial No. 07/708,527, filed May 31, 1991 (Attorney Docket 
so. No. C-1527). While their use for the control of calcium carbonate scale under severe conditions which Include 
elevated pH and high calcium carbonate saturation levels, is described, there Is no suggestion of combining 
with them agents to provWe Improved resistance to degradation by oxidizing biocides. 

US 4.642.194 anf?-<.711J24 disclose methods for preventing decomposition by chlorine of certain specific 
phosphonate scale inhibitors. Including HEDP and AMP. using sulfamic acid and cyanuric acid, respectively. 
55 However, there Is no suggestion of either the polyether polyamino methylene phosphonate scale Inhibitors 
used herein, or of the organic sulfonamide stabilizing agents of the present Invention. 

US 4.759.852 discloses the use of sulfamic add to prevent the decomposition of phosphonate scale in- 
hibitors in cooling waters treated with a combination of chlorine and a bromide salt which releases bromide 
kins. Only sulfamic acid is disclosed, and there is no suggestion of the polyether polyamino methylene phos- 
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phonal seals Inhibitors with which the organic sulfonamides f the present invention are employed. Indeed, 
the phosphonates disclosed therein are unsuitable for the severe conditions under which the phosphonates 
of the present Invention operate, since they have low calcium tolerances. 

6 While the organic sulfonamides which are an essential part of the stabilizing compositions and methods 

of the present invention are known compounds, there is no suggestion in the prior art that they would be useful 
for preventing the degradation by chlorine and/or bromine of the polyether polyamino methylene phosphonate 
scale inhibitors described herein, v/hen used to prevent scale In aqueous systems under severe conditions. 
Furthermore, organic sulfonamides may become ineffective as stabilizers due to precipitation by calcium or 

10 other cationic species such as magnesium, Iron, manganese, silica, etc. i 

SUMMARY OF THE INVENTION 

The present Invention relates to an organic sulfonamide stabilizing composition for inhibiting the degrada- 
15 tion of polyether polyamino methylene phosphonate scale Inhibitors of the formula: 

M2O3P - H2C R R , CH2PO3M2 

I e I 1 • I ' 

20 N - CH - CH2 -(- OCH2 - CH -)« - N 

M2O3P - N2C . : CH2PO3M2 



25 and optionally the N-oxides thereof, where n is an integer or fractional integer which is, or on average is, from 
about 2 to at>out 12, Inclusive; M Is hydrogen or a suitable cation; and each R may be the same or different 
and is independently selected from hydrogen and methyl; - . 

SAID DEGRADATION taking place In an aqueous system subject to the formation, deposition and ad- 
herence of scale impartinjg compounds, and being caused by a biocide present in said system comprising chlor- 
30 Ine or bromine or mbctures thereof; . . ' '* . 

SAID ORGANIC SULPONAMIDE for addition to said aqueous system comprising a compound of the 
formula: ' 
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R-S-NHZ 



40 wherein: 

Z is selected from hydrogen; and alkali and alkaline earth metal salt-forming ions; and 
R is selected from the group consisting essentially of. 

a) Ci^alkoxy radical: -OCi^alkyl; 

b) an amino group, or a mono(Ci^a!kyl)amino or di (Ci^a!kyl)amino group: -N(Ri)R2, where R' and R2 are 
^ as defined above; 

c) a formylamlno group: -NHC(0)H; 

d) {C,^alkyl)cart)onylamlno radical: -NHC(0)C,^alkyl; 

e) (Ci«4alkoxy)carbonylamino radical: -NHC{0)0Ci^alkyl; 

f) Cj^alkenyl radical; 

g) C2-e^\k^riy\ radical; 1 
b) C3_7cycloalky1 radical; | 

I) aryl or heterbaryi selected from the group consisting essentially of phenyl, naphthyl, pyridyi, pyrimldyl, 
pyrazyi, pyridazyl, pyrrdyi. imidazolyl, pyrazolyi, triazolyl, tetrazdyl; wherein the aryl and carbon atoms 
of the heteroaryl are optionally substituted with up to three radicals selected from the group consisting 
essentiaily f: j 

Ci^alkyl; Ci_4alkoxy; C,^alkoxycarbonyl; halo; nitro; nitrillo; carboxy; C,^alkylsulfonyl radical: 
-S(0)nC,_4alkyl, where n = 2; and a sulfamoyi group which Is unsubstituted or substituted on the nitrogen 
by on or two Ci^alkyl groups: | 
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-S02N(R^)R2, where and R* are as defined above; and wherein the nitrogen atom(s) of the heteroaryl 
is (are) oplionally substituted by C,_4alkyl or Ci^alkylsulfonyl radical: -S(0)nC,^alkyl, where n = 2; 
J) C^-^alkyl radical; and 

k) Ct^alkyl n^onosubstituted by one of the substituents a) through 0 above. 

The present inventiori further relates to a composition useful as a deposit control agent to control the for- 
mation, deposition and adherency of scale Imparting compounds In an aqueous system containing a biocide 
comprising chlorine, bromine or mixtures thereof which tends to degrade said deposit control agent 
COMPRISING, IN COMBINATION^: 

A) a polyether polyamino methylene phosphonate deposit control agent of the following formula: 

M2O3P - H2C R R CH2PO3M2 

N - CH - CH2 -(- OCH2 - CH -)n - N 
"2O3P-N2C CH2PO3M2 

and optionally the N-oxIdes thereof, where n Is an Integer or fractional Integer which Is, or on average is, 
from about 2 to about 12; M Is hydrogen or a suitable cation; and each R may be the same or different 
and Is Independently selected from hydrogen and methyl; and 

B) an organic sulfonamide stabaizing agent which Inhibits degradation of component A)"above, of the for- 
mula: 



R-S7NHZ 
0 



wherein: 

2 • is selected from hydrogen; and alkali and alkaline earth metal salt-forming ions; and 
R Is selected from the group consisting essentially of: 

a) C,^alkoxy radical: -OCi^alkyi; 

b) an amino group, or a n:K)no(C,^a!kyl)amino or di (Ci^alky!)amino group: -N(R^)R2, where R« and R^ 
are as defined above; 

c) a formylamino group: -NHC{0)H; 

d) (Ci^alkyl)carbonytamino radical: -NHC(0)Ci^alkyl; 

e) (Ci_4alkoxy)carbonylamlno radical: -NHC(0)0C,^alkyl; 

f) Ca^ealkenyl radical; - 

g) C2_oaIkynyi radk^l; 

45 h) C^7<^cloalkyl radical; ' 

I) aryl or heteroaryl selected from the group consisting essentially of phenyl, naphthyl. pyridyl. pyrimidyt. 

pyrazyl. pyridazyl, pyrrolyl, imidazdyl. pyrazolyl. triazoiyi, tetrazolyl; wherein the aryl and carbon atoms 

of the heteroaryl are optionally substituted with up to three radicals selected from the group consisting 

essentially of: ^ 
so C,^alkyl; Ci^alkoxy: CtJialkoxycarbonyl; halo; nitro; niirillo; carboxy; C,^alkylsulfonyl radical: 

-S(0)ftC,^alkyl. where n = 2; and a sulfamoyi group which is unsubstituted or substituted on the nitrogen 

by one or two C,_4alkyl groups: 

-S02N(Ri)R2, where R^ and are as defined above; and wherein the nitrogen atom(s) of the heteroaryl 
is (are) opttonally substituted by C,^alkyl or Ci_4a!kylsulfbny! radical: 
-S(0)^C,^alkyl, where n = 2; 
J) Ci^alkyl radk^al; and 

k) Ct_4alkyl nK>r>osubstituted by one of the substituents a) through i) atxjve. ' 
The present invention further relates to a composition useful as a deposit control agent to control the for- 
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mation, deposition and adherence of scale imparting compounds in an aqueous system containing a biocide 
comprising chlorine, bromine or mbctures thereof which tends to degrade eaid deposit control agent, 
COMPRISING, IN COMBINATION: 
5 A) a polyether polyamino methylene phosphonate or N-oxIde deposit control agent of the formula above; 

B) as an additional deposit control agent to enhance the performance of said phosphonate of A], one or 
more nriembers selected from the group consisting essentially of homo- and copolyn^ers including terpo- 
lymers comprising one or more of acrylamide, acrylic acid, 2-acrylamldomethyl propane sulfonic acid, me- 
thacrylic acid, itaconic acid, polyether esters of acrylic and methacrylic acids and polyethers based on 
10 polyethyteneoxide and polypropyieneoxide and mixtures thereof, including polyethylene glycol monome- 

thacrylate, maleic anhydride, maieic acid, t-butyl acrylamide, sodium styrene sulfonate, sodium vinyl sul- 
fonate, hydroxy propyl acrylate, hydroxy propyl methacrylate, 3-allyloxy-2-hydroxy propane sulfonic acid, 
sodium salt, and vinyl phosphonic acid, wherein the weight average molecular weight for such polymer 
additives Is In the range of from about 500 to 250,000; and 
15 C) an organic sulfonamide stabilizing agent of the formula above which Inhibits degradation of the phos- 

phonate deposit control agent A) by the bloclde comprising chlorine, bromine or mbctures thereof. 
The present Invention still further relates to a method of Inhibiting the degradation of a polyether polyamino 
methylene phosphonate or N-oxide used to control the formation, deposition and adherence of scale-forming 
salts In an aqueous system containing a bloclde comprising chlorine, bromine or rnbctures thereof which tends 
20 to degrade said phosphonate, 

COMPFUSING THE STEP OF TREATING said system with an amount of the organic sulfonamide of 
the formula above sufficient to provide a concentration ratio of organic sulfonamide to chlorine, bromine or 
mbcture thereof of from 0.5:1 to 2.0:1. respectively. In particular, the present invention relates to such a method 
in which the treatment step comprises 1) adding the organic sulfonamide stabilizing agent to an aqueous sys- 
25 tern which already contains the phosphonate deposit control agent dissolved or dispersed therein; or 2) adding 
the organic sulfonamide stabilizing agent together with the phosphonate deposit control agent to the aqueous 
system to be treated as a single composition; or 3) adding the organic sulfonamide stabilizing agent either t>e- 
fore, or simultaneously, with the phosphonate fJeposit control agent to the aqueous system to be treated, at 
• the same point or different points in said system, but not as a single composition. In particular, the present 
30 invention also relates to the method described atx>ve In which calcium carbonate is the scale-forming salt, the 
aqueous system comprises a cooling tower and has been treated with bromine, and said organic sulfonamide 
Is added to the aqueous system in an amount sufficient to establish a concentration ratio to the bromine of 
1:1. 

The present Invention still further relates '.o the method described above for Inhibiting the degradation of 
35 a polyether polyamino methylene phosphonate or N-oxide used to control the formation, deposition and ad- 
herence of scale-forming salts In an aqueous system containing a bloclde comprising chlorine, bromine or mix- 
tures thereof which tends to degrade said phosphonate,' in which an additional deposit control agent to enhance 
the performance of said phosphonate is included in the treatment and may be added either together with said 
phosphonate as a single composition, or separately to the aqueous system to be treated at any time or point 
40 in said system specified above for addition of the phosphonate deposit control agent; 

SAID ADDITIONAL DEPOSIT CONTROL AGENT COMPRISING one or more members selected from 
the group consisting essentially of: 

homo- and copolymers Including terpdymers comprising one or more of acrylamide (AM), acrylic acid (AA). 
2-acrylamide-methyl propane sulfonic acid (AMPSA), methacrylic acid (MAA), ethoxylated methacrylate, ita- 

45 conic acid (lA). polyether esters of acrylic and methacrylic acids and polyethers based on polyethyleneoxide 
and polypropyieneoxide and mbctures thereof, including polyethylene glycol monomethacrylate (PGM), maleic 
anhydride (MA), maleic acid (MA), t-butyl acrylamide fTBAM), sodium styrene sulfonate, sodium vinyl sulfon- 
ate, hydroxy propy! acrylate, hydroxy propyl methacrylate, 3-allyIoxy-2-hydre>xy propane sulfonic acid (AHPS), 
sodium salt, and vinyl phosphonic acid, wherein the weight average molecular weight for such polymer addi- 

60 tives is In the range of from about 500 to 250,000. In particular, the present invention relates to such a method 
In which calcium carbonate Is the scale-forming salt, the aqueous system comprises a cooling tower and said 
bloclde Is bromine, and said additional deposit control agent polymer additive Is a member selected from the 
group consisting essentially of go/10 to 10/90 AA/ AMPSA, preferably 75/25 and 60/40 AA/ AMPSA 100 AA 
75/25 SSS/MA. 33/33/34 AA/MAA/IA, 50/50 AA/AM, 70/20/1 0 AA/AMPSA«=GM-5, 1 0 and 20 (having 5. 10 and 

55 20 repeating oxyethylene units, respectively), and AA/AMPS/WTBAM. 

DETAILED DESCRIPTION OF THE INVENTIol^ 

The present invention relates to an organic sulfonamide sUbilizing composition for inhibiting the degrada- 
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tlon of polyether polyamino methytene phosphonate scale inhibitors. Since these organic sulfonamide stabil- 
king agents have been found to be particularty useful with this type of phosphonate scale inhibitor/deposit 
control agent, the scope of these phosphonates will now be defined. 

The Polyether Polyamino Methylene Phosphonate And Corresponding N-Oxlde Scale Inhibitors 
The polyether phosphonates comprise compounds of the formula: 



M2O3P - H2C R R CH2PO3M2 

II It 

N - CH - CH2 OCH2 - CH -)n - N 

• t 

M2O3P - H2C ^ CH2PO3M2 



and optionally the N-oxides thereof; where n Is an integer or fractional Integer which is, or on average is, from 
about 2 to about 12, inclusive; M is hydrogen or a suitable cation; and each R may be the same or different 

20 and is Independently selected from hydrogen and methyl. 

A preferred subclass of compositions of the above formula Is that wherein M is hydrogen, R ts methyl, 
and n Is from about 2 to about 3, most preferably an average of about 2.6. 

In order to obtain high levels of control of scale deposits, especially under the severe cond'ttions defined 
herein, it has t>een found that there are certain essential components of the structure of such polyether poly- 

25 amino methylene phosphonate or N-oxides which are necessary to provide that performance. For example, 
the N,N-bis(phosphonomethyl)amino portion of the structure is essential. Whether this group is present initially 
In the phosphonic acid form or as an alkali metal or other salt of the actd, has no critical bearing on the per- 
formance of the overall molecule. A;t the pH's under which the phosphonate compositions function, they are, . 
and must be. In their ionized form. Thus, it is not critical whether "M" Is hydrogen or a suitable cation, and the, 

30 selection of an appropriate salt form is well within the skill of the art Alkali metal salts are the most simple, 
and are preferred for that reason. Overall, however. It is preferred that M Is hydrogen. 

The polyether polyamino methylene phosphonate may be in the N-oxlde form; N O. As already descrl-, 
bed, this group confers significant resistance to degradation by chlorine and bromine blocldes, or mixtures 
thereof, presumably by preventing oxidath/e attack on the nitrogen atom, of the group. However, because, as 

35 discussed previously, unreacted starting materials and side products containing phosphonomethylene and 
other groups subject to degradation by chlorine and bromine with release of detrimental PO V ions are allowed 
to remain with the N-oxide final product, it Is contemplated to be parlof the present invention to add the organic 
sulfonamide stabilizing agents of the present invention to the N-oxide phosphonate deposit control agents, it 
being understood that these contain additional unspecified compositions subject to degradative attack. 

^ A preferred, although not essential structural feature of the polyether polyamino methylene phosphonate 

and N-oxIdes useful as deposit control agents is the isopropyl group which bridges the dipho sphonom ethyl a- 
mino group and the polyether group. This group can also be an ethylene moiety. 

Another structural element of the phosphonate scale inhibitors is the polyether moiety. Since the polyether 
polyamino methylene phosphonates are prepared by phosphonomethylation of the appropriate diamine, the 

^ character of the polyet her nnoJety wili depend upon the way in which the amine starting n^terial is made. Proc- 
esses for making such polyether diamines are known in the art; and attention is directed particularly to US 
3,236,895, whteh describes preparation of a variety of polyether diamines especially useful In preparing the 
phosphonate final products used as deposit control agents In conjunction with the organic sulfonamide atabif- 
Izlng agents of the present Invention. 

^ In accordance with the processes set out In US 3.236,895 and related processes described In the prior 

art. It Is possible to prepare any one of a number of desired polyether diamines within the scope of the present 
Invention. In the general formula for the polyether polyamino methylene phosphonates used herein, the poly- 
ether moiety is simply represented by the formula: 

55 - . 
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R 

I 

-(-0CH2-CH-)n- 



Since R may be hydrogen or methyl, both ethyteneoxy and propyleneoxy units are possible. Moreover. R is 
to be Independently chosen, I.e., ethyteneoxy and propyleneoxy units may alternate in various patterns, in- 
cluding blocks of each, or they may be all one or the other. For example, the following are just some of the 
polyether segments which might be prepared to form the basis for the corresponding diamines, which would 
then be used to make phosphonates within the scope of the present Invention (where EO = ethyleneoxy, and 
PO = propyleneoxy): EO; PO; EO-EO; PO-PO; EO-PO; EO-EO-EO; PO-PO-PO; EO-EO-PO; EO-POPO; EO- 
PO-EO; PO-EO-PO; EO-EO-EO-EO; PO-PO-PO-PO; EO-PO-PO-PO; EO-EO-PO-PO; EOEO-EO-PO; EO- 
PO-EO-PO; EO-PO-PO-EO; PO-EO-EO-PO 

In the above examples, "n" In the main formula would be an Integer of from 1 to 4. Since "n" Is defined as being 
from 1 to 12. an even larger number of possible polyelher nwletles is Included. However, it has been found 
that generally the polyether polyamino methylene phosphonates of lower molecular weight. I.e., where V is 
a smaller integer, are those which provide the greatest amount of scale inhibition under the severe conditions 
of high pH and high calcite concentration, and thus are those whfch are preferred. Examples of some of these 
preferred phosphonates are shown in the table below, where 2 = methylenephosphonate: 

Rz Ra Rb 

' ' ' • 

Z2-N-CHCH2-(0CH2CH>a -(0CH2CH>1j -NZ2 







_h_ ■ 


_Ez_ 




_Eb. 


A 


. - 2 


1 


CH3 


H 


CH3 


B 


2.6* 


0 


CH3 


CH3 




C 


2 


0 


CH3 


CH3 ■ 




D 


8,5* 


1 


CH3 


H 


CH3 


£ 


5.6* 


0 


CH3 


CH3 




F 


2 


0 


H 


- H 




G 


3 


0 


H 


H 




H 


3 


0 


CH3 


CH3 




I 


3^ 


1 


H 


CH3 


H 


J 


•4 


0 


H 


CH3 




the value of 


"n" on 


average . 







[ ■ . 

It will be noted from the table above that in several cases, "n" has an average value, I.e., the number of 
repeating ethyleneoxy or propyleneoxy units may vary. Thus. It Is possible }o have a mbcture of varying chain 
lengths of polyoxyethylene or ppiyoxypropylene In the final product This is also contemplated to be within the 
scope of the present invention, so long as the requirements with respect to the limit of "n" are observed Con- 
sequently, v^^iie -n- is merely defined as an integer or fracttonal integer which is. or on average is. from about 
2 to about 12, it has two aspects. It defines the total of the number of repeating ethyleneoxy and/or propyle- 
neoxy units considered separately, and thus if "n* is. e.g.. 4. it includes 4 propyleneoxy units. 3 propyteneoxy 
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units and 1 elhyleneoxy unit, 2 propyleneoxy units and 2 elhyleneoxy units, and s forth. The value of "n" may 
also represent an average number, and this is always the case, of course, when it is a fractional integer. In 
this case, for each of the ethyteneoxy and/or propyleneoxy units considered separately, mixtures of these units 

6 may be present so as to give an average value for "n". For example, In the table above, for Id. No. D, the total 
of "a* and "b"* is 9.5, which is the value of "n". What is described Is a mbdure of polyether phosphonales in 
which all of them have an isopropyi bridging group and an ethyteneoxy moiety, but the repeating propyleneoxy 
units are such that on average their value is about 8.5. 

The number of repeating ethyleneoxy or oxypropylene units, designated by the subscript "n", determines 

10 the total molecular weight of the overall polyether polyamino methylene phosphonate or corresponding N-ox- 
ide, and thus plays a critical role in determining the scale inhibiting performance of that phosphonate. It has 
been found that in order to provide adequate scale control under the severe conditions of use defined herein, 
it is necessary that "n" be an integer or fracdonat integer which is, or on average is, from about 2 to about 12, 
Inclusive. 

IS As discussed above, the reason for "n" being potentially a fractional Integer arises from the fact that the 

primary diamine from which the polyether polyamino methylene phosphonates are prepared by phosphono- 
methyiation may be a mixture of potyethers In which "n" Is two or more of 2, 3, 4, 5 and so forth, in varying 
proportions. For example, a preferred polyether polyamino methylene phosphonate for use In the compositions 
and methods of the present Invention has a molecular weight of approximately 632 and the value of "n" on 

20 average Is about 2.6. Thus, this type of polyether phosphonate has a molecular weight distribution, I.e.. of the 
various polyoxypropylenes which make It up, and this distribution is represented by a fractional integer average 
value for 'n". But, it Is also within the scope of the present invention for "n" to be a whole integer, e.g., '3", 
which usually designates a single molecular weight and not a molecular weight distribution. 

The polyether polyamino methylene phosphonate and corresponding N-oxides of the compositions and 

25 methods of the present invention are prepared first by phosphononrkethylatlon of the appropriate primary amine 
which already contains the polyoxy ethylene and polyoxypropylene moieties, followed by an oxidation step 
which provides the N-oxIdd moieties. 

Such primary amine starting materials and their method of preparation are well known. The phosphono- 
methylation of the primary amine Is then carried out by a Mannich reaction such as that described in K. Moe- 

30 dritzer and R. Irani, J. Organic Chem. 31(5) 1603-7, *The Direct Synthesis of alpha-Aminbmethyl Phos phonic 
Acids; Mannlch-Type Reactions with Orthophosphorous Acid", May 1966. In a typical reaction, the primary 
amine is added to a mixture of phosphorous add and water, and concentrated hydrochloric acid is then added 
slowty, after which the reaction mixture Is heated to reflux with addition of aqueous formaldehyde. 

Although the general structural formula employed herein indicates that the nitrogen atom Is completely 

35 phosphonomethylated, as a practical matter, preparation of the polyether polyamino methylene phosphonate 
N-oxldes of the present invention, as described In detail further below, usually results In only about 80 to 90% 
phosphonomelhylatkjn. Other side products give N-substitutlon with H, CH3, CH2OH, etc. It Is not practical, 
as a matter of simple production economics, however, to isolate and purify the completely phosphonomethy- 
lated compounds, since the skie products Just described do not interfere with scale Inhibition. Such side prod- 

40 ucts, are consequently, usually allowed to remain, and the test data set out further below is based on test sanv 
pies containing such side products. Consequently, the activity levels obtained would be even higher were 100% 
active compound being tested. 

Once the desired phosphonomethylated polyoxypropylene diamine has been prepared as described 
above, the N-oxide final product of the present invention is then prepared by a step of oxidation, which may 

4S be accomplished, e.g.. simply by adding hydrogen peroxide to a basic solution of the phosphonomethylated 
diamine and heating the reaction mixture, which gives high yields of the N-oxide final product Of course, it Is 
also possible to use other well known techniques for carrying out such a step of oxidation, and any number of 
these may be successfully employed. 

50 The Organte Sulfonamide Stabilizing Agents 

The key elea>ent of the present invention Is the organic sulfonamide stabilizing agents which are used to 
prevent degradation of the polyether polyamino methylene phosphonate scale inhibitors described at>ove, es- 
pecially under the severe conditions of high pH and high calctte concentration. These organic sulfonamide sla- 
55 billzing agents comprise compounds of the formula: 
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0 
■ I 

R-S-NHZ 



wherein: 

Z is selected from hydrogen; and alkali and alkaline earth metal salt-forming Ions; and 
10 R is selected from the group consisting essentially of: 

a) Ct^alkoxy radical: -OC,^alkyl; 

b) an amino group, or a mono{Ci^alkyl)amino or di (Ci^alkyl)amino group: -N(Ri)R2 where R' and R^ are 
as defined above; 

c) a formylamino group: -NHC(0)H; 

d) (C,^alkyl)cart)onylamino radical; -NHC(0)C,_4alkyl; 

e) (C,^alkoxy)carbonylamino radical: -NHC(0)OC,^alkyl; 

f) C2-«alkenyl radical; 

g) C2-6a!kynyl radical; 
. h) Cj_7cycloalkyl radical; 

0 aryt or heteroaryl selected from the group consisting essentially of phenyl, naphlhyi, pyridyl. pyrimidy!, 
pyrazyl, pyndazy*. pyrrolyl. imidazolyl, pyrazolyl. triazolyl. letrazolyl; wherein the aryt and carbon atoms 
of the heteroaryl are opUonally substituted with up to three radicals selected from the group consisUng 
essentially of* 

25 C^^alkyl; C^^alkoxy; Ci^alkoxycarbonyt; halo; nitro; nitrillo; carboxy; Ci^alkylsulfonyl radical: 

-S(0)nC,^alky!, where n = 2; and a sulfamoyi group which Is unsubstituted or substituted on the nitrogen 
, by one or two C,^alkyl groups: •S02N(Ri)R2 where Ri and R2 are as defined above; and wherein the 

trogen atoip{s) of the heteroaryl is (are) optionally substituted by C,^a!kyl or Ci^alkyisulfonyt radical: 

-S(0)„C,^alkyl, where n = 2; 
30 J) Ct^alkyl radical; and - • • . 

k) Ci^alkyl monosubstituted by one of the subslituents a) through i) above.' 

Preferred organic sulfonamide stabilizing agents for use In the present invention are those set out above 
wherein R is: 

- C,^alkoxy radical: -OC,^alkyl; 

- an amino group, or a mono(C,^alkyl)amino or di(C,^alkyl)amino group: -ISI{R1)R2, where Ri and R2 are in- 
dependently H or Ci.4^ky,. 

- phenyl nrwno-subsUtuted by Ci^alkyt. C,^ alkoxy. or-S02N(Ri)R2. where Ri and R2 are as defined above; 

- C,^alkyl radical; or C,_4alkyl 

^ monosubstituted by one of the substituents set out immediately above. 

An especially preferred class of organic suifonamkJes useful in the present invenOon is that wherein R is 
phenyl monosubstituted by Ci^alkyl, and more particularly, para-substituted by methyl. 

The organic sulfonamides described above are, for the most part, known In the art, and methods for their 
preparation are well known. One satisfactory approach to preparaOon of these compounds is by sulfonation 
^5 of the appropriate amine wfth sulfur b-k>xide: SO3. Another synthetic approach which may be used to prepare 
the organic sulfonamide stabilizers of the present invention is by treating ammonia, a primary amine, or a sec- 
ondary amine with a sulfonyl chloride in the presence of some base. These and other methods are described 
Comprehensive Organic Chemistry: the S ynthesis and Reactions of Organic Compounds Vol 3 pp 345- 
^46. Derek Barton and W. DavkJ Otiis. eds., Pergamon Press 1979, as well as the literature references cited 
therein. 

i 

Other Aspects of the Compositions and Methods of the Present Invention 

When any of the polyether polyamlno methylene phosphonates or corresponding N-oxides used in the 
55 compositions of the present invention are used to Inhibit the precipitation, depositten, and adherence of scale- 
forming sails in an aqueous system, they can be effectively employed for that purpose when added In amounts 
. w ^^^^}'?^ ^ concentration in said aqueous system of from 1 t 100 mg/L. Preferably, the amount 
added w,II be suffiaent to establish a concentration of from 5 to 75 mg/L, and most preferably, the amount added 
will be 6uf f icien to establish a concentration of from 1 0 to 50 mg/L of the composition. It is understood, however. 

'! „ ■ ■ ■ ■ 
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that many factors, of the type which have been explained In detail with regard to the background to the present 
Invention, will deternnine the actual amount of the polyether polyamino methylene phosphonata N-oxtde com- 
positions of the present Invention which will be added to any particular aqueous system in order to achieve 
5 the maximum amount of inhibition of alkaline earth metal; especially calcium carbonate scale formation, de- 
position and adherence in that aqueous system. The catculatk>n of those amounts is well within the skill of the 
artisan In this field. 

When the polyether polyamino methylene phosphonate and corresponding N-oxide compositions of the 
present invention are used in combination with one or more of the polymers recited further above, the amounts 
10 of that combination which must be added in order to inhibit the formation, deposition and adherence of scale- 
forming salts In an aqueous system, will as a general matter be within the ranges of amounts sufficient to es- 
tablish the ranges of concentrations of the polyether polyamino methylene phosphonate and corresponding 
N-oxides used alone, as recited In detail above. Again, however, calculation of the actual amount is well within 
the skill of the art 

15 The overall amount, and particularly the concentration of organic sulfonamide stabilizing agent which must 

be employed In the method of the present Invention for Inhibiting the degradation of the polyether polyamino 
methylene phosphonates used as scale Inhibitors, depends on a number of factors, 'including especially pH, 
concentration of the chlorine and/or bromine bloclde, and temperature and organic and Inorganic constituents 
of the water which makes up the aqueous system being treated. With regard particularly to the concentration 

20 of the chlorine and/or bromine biocide in the aqueous system. It is desirable that the corresponding concer>- 
tration of the organic sulfonamide stabSlzing agent be in an eqivalent weight ratio thereto (sulfonamideihalo- 
gen) of from 0.5 to 2.0. preferably from 0.75 to 1.25. most preferably atx)ut 1.0. In general terms, the concen- 
tration of the organic sulfonamide will be from 0.1 to 100 ppm, preferably from 0.5 to 25. most preferably from 
. 1 to 10 ppm in the aqueous system being treated by the polyether polyamino methylene phosphonate scale 

2S inhibitor. For example, the organic sulfonamide stabilizing agents of the present invention will be added to such 
an aqueous systern at a concentration of between 0.5 and 25 ppm. said system being at a pH of from 7 to 12, 
at a temperature of from 5 to 80°C. and having a chlorine and/or bromine concenb-ation of between 0.1 and 
50 ppm, usually 0.1 to 10 ppm. | . 

. The manner of addition of any particular organic sulfonamide stabilizing agent composition of the present 

30 Invention to an aqueous system will be straightforward to a person of ordinary skill in this art. It may be added 
in liquid form by mechanical dispensers of known design. It may also be added In diluted liquid form. The organic 
sulfonamide stabilizing agent may also be combined with the polyether polyamino methylene phosphonate 
and corresponding N-oxIde scale Inhibitor composition, as well as other chemical treatment agents for dispens- 
ing to the aqueous system; and these In combination may be dispensed in liquid form. 

35 As has already been noted, the present invention relates to a method In which the treatment step comprises 

1) adding the organic sulfonamide stabilizing agent to an aqueous system which already contains the phos- 
phonate deposit control agent dissolved or dispersed therein; or 2) adding the organic sulfonamide stabilizing 
agent together with the phosphonate deposit control agent to the aqueous system to be treated as a single 
composition; or 3) adding the organic suIfonamWe stabilizing agent either before, or simultaneously, with the 

40 phosphonate deposit control agent to the aqueous system to be treated, at the same point or different points 
in saki system, but not as a single composition. All that is required, essentially, is that the phosphonate scale 
inhibitor and the organic sulfonamkJe stabilizing agent be present in the aqueous system being treated at the 
same time when that system contains a chlorine and/or bromine biocide which has a tendency to degrade said 
phosphonate scale inhibitor. From the standpoint of convenience, is is preferred, of course, to adopt the pro- 

45 cedure of 2) above and simply add the phosphonate scale inhibitor and the organic sulfonamide stabilizing 
agent together as a single treatment composition to the aqueous systenru 

The n->ethod of the present invention also contemplates use of an additional deposit control agent to er>- 
hance the performance of the phosphonate scale inhibitor, which may be added either together with said phos- 
phonate as a single composition, or separately to the aqueous system to be treated at any time or point in said 

w system for addition of the phosphonate. For example, there could be used in such a combination one or more 
members selected from the group consisting of homo polymers, copolymers and terpolymers comprising one 
or more monomers of acrylamkJe (AM), acrylic acid (AA), 2-acrytamkJe-methyt propane sulfonic acid (AMPSA), 
methacryliG acid (MAA). ethoxylated methacrylate, Itaconic acid (lA), polyether esters of acrylic and rnetha- 
cryllc acWs and polyethers based on polyethyleneoxide and polypropyleneoxlde and mixtures thereof, Includ- 

S5 Ing polyethylene glycol monomethacrylate (PGf^), maleic anhydride (MA), maleic acid (MA), t-butyl acrylamlde 
(TBAM), sodium styrene sulfonate (SSS). sodium vinyl sulfonate, hydroxy propyl acrylate. hydroxy propyl me- 
thacrylate. 3-alIyloxy:2-hydroxy propane sulfonic acid (AHPS), and vinyl phosphonic acid. Weight average mo- 
lecular weights for such polymer additives should range from about 500 to 250.000. j 

For example, such compositions include copolymers of 90/10 to 10/90 AA/ AMPSA. preferably 75/25 and 

! 
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60/40 AA/AMPSA. Other preferred polymer additives for use with the polyether polyamino methylene phos- 
phonate N-oxldes of the present invention include 100 AA. 75/25 SSS/MA, 33/33/34 AA/MAA/IA, 50/50 AA/AM, 
70/20/10 AA/AMPSA/PGM-5, 10 and 20 (having 5. 10 and 20 repeating oxyethylone units, respectively), and 
AA/AMPSA/TBAM. Combinations using these polymers together with the polyether polyamino methylene 
phosphonate and corresponding N-oxide compositions increase the anxHjnt of scale control and deposit con- 
trol which is achieved, especially under the severe conditions described herein. The ratio of polymer additive 
to phosphonate can be as high as 1:1 down to as little as 1:10, with the preferred range being between 1:2 
and 1:5. 

As has already been noted, the chlorine and bromine biocides are added to the aqueous systems being 
treated in accordance wrth well-known procedures using various chlorine- and bromine-releasing agents, and 
sometimes the free halogen itself. For example, in the case of chlorine, gaseous chlorine may be fed directly 
into the water of the aqueous system, or it may be introduced by addition of the sodium or calcium hypochlorite 
salt, or other chlorine donors which are commonly used. For bromine, suitable bromide salts which may be 
used Include the alkali and alkaline earth metal bromides, e.g.. magnesium bromide, calcium bromide, sodium 
bromide, potassium bromide, ammonium bromide, especially crystalline sodium bromide dihydrate. etc. 

Concerning the organic sulfonamWe stabfllzing agents of the present invention and their use, the phrase 
'inhibiting the degradation", with regard to their effect on the phosphonate scale Inhibitors. Is Intended to mean 
all degrees of such Inhibition, up to and Including, total preventfon of such degradation by the chlorine and/or 
bromine biocides whteh tend to cause such degradation. The term "degradation", In turn, means primarHy cleav- 
age of the methylenephosphonate group or groups in the phosphonate scale inhibitor product whereby ortho' 
phosphate bn Is released with the detrimental effects described earlier, together with total or partial loss of 
the scale inhibiting activity of the phosphonate product The term "degradation", however, is also intended to 
mean any decomposition, deterioration, or other detrimental change in composition of the phosphonate scale - 
inhibitors used herein, which is caused directiy or Indirectiy by the chlorine and/or bromine biocides present in 
j the aqueous system to which the phosphonate scale inhibitors are added, and which Is inhibited by the organic 
sulfonamid-i stabilizing agents of the present invention. 

i With regard to the phosphonate scale inhibitors, as well as their combination with the polymer additives 
described above, the phrases "inhibiting the precipitation" and "inhibiting the formation and depositton" are 
meant to.lndude threshold inhibition, dispersion, solubilization, or particle size reduction. The phrases "inhib- 
iting the adherence" and "increasing the non-adherence", are nrteanfto define the formation of a scale deposit 
which is easily removed, e.g., by simple rinsing, i.e., a scale deposit which is not so firmly bonded to the surface - 
to which It Is attached that It cannot be removed by simple physical means as opposed to harsh mechanical 
or chemical treatment. 

The phrase "scale-forming salts" is meant to Include any of the scale-forming salts selected from the group 
consisting essentially of calcium carbonate, calcium phosphate, calcium phosphonate (Including calcium hy- 
droxyethylldene dlphosphonlc acid), and the corresponding magnesium salts. 

The phrase "aqueous system" means commercial or industrial systems utilizing water and involving heat 
exchange surfaces, usually of metal, including cooling water systems including cooling towers, boiler water sys- 
tems, desalination systems, gas scrubbers, and thermal conditioning equipment. Of particular importance are 
those sys.tenDS which operate under severe conditions as detailed herein, including at least high pH and high 
calclte concentrations. Typical of such systems are cycled up cooling towers, reverse osmosis systems, sugar 
refining evaporators, and certain types of gas SCTubbers. 

; In the embodiments of the present invention described herein, it has been contemplated tiiat. as a practical 
matter, only a single polyether polyamino methylene phosphonate or corresponding N-oxkJe composition of 
those described above would be used for the purpose of inhibiting scale. Of course, it would be possible to 
employ more than one such compound, and that forms a part of the present invention. 

EXAMPLES OF PREFERRED EMBODIMENTS 

The following examples are presented for the purpose of illustrating the present Invention, but are not in- 
;tended to be In any way a limitation thereof. 

EXAMPLE 1 

General Procedure for Evaluation of Phosphonate Decomposlton 

The decomposition of polyether polyamino methylene phosphonates was measured by following the rate 
of appearance of orthophosphate, which is a decomposition product Tests were run in 8 liter cells equipped 
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with pH and tsmperatur controls, and containing water of the composition set out betow: 



ton 


mg/L 


Ca** 
ivig* 
Na* 

cr 

AJkalinity (as HC 
for pH 7.5 
pH 8.5 


100 

75 
200 

18 
200 

OJ): 

86 
309 



The polyether pfolyamino methylene phosphonat^ of t he general formula in which M = H, R = CH» In all cases, 
and n = on average about 2.6, was added to the test vessel so as to result in a concentration o f 10 mQ/U n the 
water therein. Chlorinations were performed by pipeting the appropriate amount of 8.0 g/L chlorine as CI2 into 
the 8 liter test cells to attain the desired residual . This stock solution was prepared fresh daily and standardized- 
. using the Calgon Methyl Orange Field Test for chlorine. Bromine was added s^mi-continuouslv to ma l nteJ a 
0.6 ppm of bromine (as CI2), and bromine levels were determined using the Calgon FielHT^stfor bromine. The 
bromine stock was made by combining equal molar concentrations of sodium hypochlorite and sodium bromWe. 
The sodium bromide stock solution contained 11.61 g of Na Br per liter, which Is equivalent to Sg/Las chlorine 
on a molar basis. For these tests, two milliliters of NaBr and HOC! were combined, resulting In a 4 g/L bromine 
solution (measured as active chlorine). This solution converts all chlorine to bromine. An aliquot of this solution 
was then added to the test cell to achieve the desired bromine concentration. During the tests, haiogien levels 
were determined frequently. Additional slugs of halogen were added when needed to maintain free halogen. 
residuals between 0.4 and 0.6 ppm. 

• Temperature was nr^Intalned at 30.6*C, while the pH was maintained continuously at 8.5±0.2 with the ad- 
dition of sulfuric acid as needed. Samples were taken at regular intervals for orthophosphate analysis. From 
these, degradation rates were calculated. Total and orthophosphate were analyzed using standard procedures. 
Total phosphate fs the combination of organic and orthophosphate. Total phosphate was determined after di- 
gestion by boiling in the presence of add and persulfate. Orthophosphate determinatfon involves its reaction 
with ammonium molyt>date and antimony potassium tartrate to form an antimony-phosphate-molybdate conv 
plex. Both procedures rely on this complex being further reduced by ascorbic acid to produce molybdenum 
blue. The color intensity Is a function of concentration amenable to nr^asurement v^th a spectrophotometer. 

Following the procedures described above, the halogen stability, Le., the % phosphonate remaining in sol- 
ution after certain elapsed times, was determined for the starting material. The percent orthophosphate re-- 
leased Is the amount of orthophosphate found divided by the total amount of orthophosphate that would be 
available If 100% decomposition occurred. 

A comparison was also made of the ability of sulfamic acid, a known stabilizer for chlorine, and methyl- 
sulfonamide (MSA), a stabilizing agent of the present Invention, to prevent decomposition of the starting ma- 
terial phosphonate described above. The results obtained are Illustrated In the following table of values. 
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TABLE 1 





Orthophosphate Release by 10 ppm TestPhosphonate In the Presence of 0.5 ppm Br2 


s 




NO STABILIZER % o- 


2 Dom MSA % fwPOj Ra- 1 


2d Dm SULFAMIC ACID % 0- 




TIME (Hra.) 


PO4 Released 


leased 


PO4 Released 




0 


0.07 


■ 0.98 


0.90 


10 


0.5 


11.05 


1.73 


3.25 




1.0 





-1.90 


3.45 




1.5 


16.52 


1.97 


4.18 


IS 


2.0 


16.75 


2.41 


4,63 




3.0 


' 18.11 


2.71 


4.71 




4.0 


20.95 


2.78 


5.11 


20 


5.0 


21.12 


3.49 


5.64 




6.0 


22.26 


3.75 


5.45 




7.0 


23.03 


3.94 


6.86 


25 


12.0 






8.15 




13.0 






9.06 




14.0 






10.05 


30 


15.0 






10.21 




16.0 






10.24 




17.0 






10.70 


35 


. 18.0 






10.66 




19.0 






10.80 



As shown by the data above, within 7 hours, approxinnately 23% of the phosphonate test compound without 
stabilEing agent had decomposed. However, 11% of that decomposition occurred in the first 30 minutes. This 
relatively rapid, initial degradation rate Is probably due to the breakdown of Impurities^ I.e., unreacted starUng 
materials and various side products, in the test sample; and analysis of that sample revealed about 11% of 
such Impurities. Also supporting this conclusion Is the lack of correlation between the rapid rate of appearance 
of orthophosphate and the expected rate of appearance from first order or second order i<inetic models of re- 
action for the phosphonate test sample. Thus, two distinct reactions are Indicated, one for the Impurities and 
one for the phosphonate test sample. 

The test data above also shows that while the sulfamic acid was effective In reducing the rate of decom- 
position of the phosphonate test sample by bromine. It was not as effective as the MSA. After 7 hours, the 
decomposition was reduced from about 23% with no stabilizer to about 10% with sulfamic acid, and to about 
3% with MSA. MSA Is therefore from 3-4 times more effective than sulfamic acid, and MSA slows the rate of 
decomposition of the initial reaction which may be due to impurities by about twenty fold. * 
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EXAMPLE 2 

Toluenesulfonamide (TSA) 
Stabilizing Agent 

Following the procedures of Example 1 at>ove,toluenesutfonamide (TSA), a stabilizing agent of the present 
invention, was evaluated for its ability to inhibit the decomposition of the same phosphonate scale inhibitor as 
used in Example 1, by bromine. The results of that evaluation are shown In the following table of values. 

TABLE 2 



15 


Orthophosphate Release by ".0 ppm Test Phosphonate In the Presence of 0.5 ppm Brj 


TIME (Hrs.) 


NO STABILIZER % 0-PO4 Released 


2 ppm TSA % 0-PO4 Released 




0.5 10.35 


1.50 






1,0 


Z09 


■| 


20 


1.5 15.81 


Z01 






2.0 16.04 


2.19 


1 
1 




3.0 17.40 


2.71 




2S 


4.0 20.25 


i79 


• t 




5.0 20.42 


3.17 






6,0 21.65 


3.82 


.1 ■ \ ' ■ • • 


30 


7.0 22.32 







35 Claims 



1. An organic sulfonamide stabilizing composition for inhibiting the degradation of polyether polyamino me- 
thylene phosphonate scale Inhibitors of the formula: 



40 



45 



W2O3P - H2C R 



R 
t 



CH2PO3M2 



N - CH - CH2 OCH2 - CH -)n - N 

M2O3P - H2C CH2PO3M2 



60 



65 



and optionally the N-oxIdes thereof; where n is an integer or fractional integer which is, or on average is. 
from about 2 to about 12, Indush^e; M is hydrogen or a suitable cation; and each R may be the same or 
different and Is independently selected from hydrogen and methyl; • 

SAID DEGRADATION taking place In an aqueous system subject to the formation, deoosition and 
adherence of scale imparting compounds, and being caused by a biocide present in said system conv 
prising chlorine or bromine or mbrtures thereof; | 

SAID ORGANIC SULFONAMIDE for addition to said aqueous system comprising a compound of 
the formula: i 
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0 

I I 

R-S-NHZ 
II 

0 

wherein: 

2 l3 selected from hydrogen; and alkali and alkaline earth metal salt-forming ions; and 

R is selected from the group consisting essentially of: 

a) Ct^atkoxy radical: -OC^^alkyl; 

b) an amino group, or a mono(C,^alkyl)amino or di (Ci^aIkyl)amino group; -N{R^)R2, where R' and R2 
are Independently H or C^^alkyl; 

c) a formylamino group: -NHC{0)H; 

d) (Ci^alkyl)carbonyiamlno radical: -NHC(0)Ct^alkyl; 

e) {Ci^alkoxy)carbony1amino radical: -NHC(0)OCi^aIkyi; 

f) Ca-eSlkenyl radical; 

g) C^^iatkynyt radk;al; 

h) Cs^Tcydoalkyl radical; 

I) aryl orheteroaryl selected from the group consisting essentially of phenyl, naphthyl, pyrldyt. pyrlmldyl, 
pyrazyl, pyridazyi, pyrrolyt, Imldazdyl, pyrazolyl, triazolyl, tetrazolyl; wherein the aryl and carbon atoms 
of the heteroaryl are optionally substituted with up to three radicals selected from the group consisting 
essentially of: 

C^^alkyl; Ci^alkoxy; Ci^alkoxycarbonyl, halo; nitro; nitrOIo; carboxy; Ct^alkylsulfonyi radical: 

-S(0)ftCt--4alkyl. where n « 2; and a sulfamoyi group which is un substituted or substituted on the nitrogen 

by one or two Cjl^alkyl groups: - 

-S02N(Ri)R2, whereR^ and R^ are as defined above; and wherein the nitrogen atom(s) of the heteroaryl 

Is (are) optionally substituted by C^^alkyl or Ct^alkylsulfonyl radical: . ' ' 

-S(0)flCi^alkyl, where n = 2; * • * 

J) Ci^alkyl radk:al; and. 

k) C^^alkyl monosubstltuted by one of the subsUtuenta a) through I) al>ove. 

Acomposltion useful as a deposit control agent to control the formation, deposition and adherency of scale 
Imparting compounds in an aqueous system containing a biocide comprising chlorine, bromine or mbctures 
thereof which tends to degrade said deposit control agent; 
COMPRISING, IN COMBINATION: 

A) a polyether polyamino methylene phosphonate deposit control agent of the following formula: 

M2O3P - H2C: R R CH2PO3M2 

N - CH - CH2 -<- OCH2 - CH -)n - N 
M2O3P - H2C CH2PO3M2 

and optionally the N-oxides thereof, where n is an integer or fractional Integer which is, or on average 
Is, flpom about 2 to about 12; M is hydrogen or a suitable cation; and each R may be the same or different 
and is independentiy selected from hydrogen and methyl; and 

B) an organic sulfonamide stabBizIng agent which inhibits degradatfon of component A) above, of the 
formula: 
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0 
• > 

R-S-NH2 
II 

0 

$ 

wherein: 

2 is selected from hydrogen; and alkali and alkaline earth metal salt-forming ions; and 

R is selected from the group consisting essentially of. 

a) Cf^alkoxy radical: -OCf^alkyl; 

b) an amino group, or a mono(Ci^alkyl)amino or di {C^^alkyOamino group: -N(R')R2, where Ri and 
R2 are Independently H or Ci^alkyl; 

c) a formylamlno group: -NHC(0)H; 

d) {Ci_^alkyl)carbonylamino radical: -NHC(0)C,^alkyl,onyiamino radk:al: 

e) (Ci^alkoxy)carbonyiamino radical: -NHC(0)0C|_4alkyi; 
; f) C2^alkenyl radical;^ i 

g) C2^alkynyi radical; | 
' ; h) C^jcydoalkyt radical; ; 
I) aryl or heteroaryl selected from the group consisting essentially of phenyl, naphthyl, pyridyl. pyr- 
Imldyl, pyrazyi, pyrldazyt, pyrrolyi. Imldazdyi, pyrazolyl, triazoiyt, tetrazolyl; wherein the aryl and car- 
bon atoms of the heteroaryl are optionally substituted with up to three radicals selected from the 
group consisting essentially of: | 

C,^aikyi; Cv-calkqxy; C,^alkoxycarbonyl; halo; nitro; nitrillo; carboxy; Ct_4aIkylsuIfonyi radical: 
-S(0)„C,^alkyl, where n = 2; and a sulfamoyi group which is unsubstituted or substituted on the n^ 
trogen by one or two Ci^alkyl groups: ' 

*S02N{R<)R2. where R^ and R2 are as defined above; and wherein the nitrogen atom(s) of the het- 
eroaryl is (^re) optionally substituted by C,^alkyl or Ci^alkylsulfonyl radical: 
-S(0)nCi^alkyi, where n = 2; , 
J) Ci^alkyl radical; and , . 

k) C,^alky1 monosubstltuted by one of the substltuents a) through I) above. 

Acomposition useful as a deposit control agent to control the formatk>n, deposition and adherence of scale 
imparting compounds in an aqueous system containing a biocide comprising chlorine, bromine or mbctures 
thereof which tends to degrade said deposit control agent, 
COMPRISING. IN COMBINATION: 

A) a polyether polyamlno methylene phosphonate or N-oxIde deposit control agent according to Claim 

1; , • 

B) as an additional deposit control agent to enhance the periformance of said phosphonate of A), one 
or more members selected from the group consisting essentially of homo- and copolymers Including 
terpolymers comprising one or more of atSrylamlde. acrylic acid, 2-acryIamldomelhyl propane sulfonic 
acid, methacrylic acid, itaconic acid, polyether esters of acrylic and methacrylic acids and polyethers 
based on polyethyleneoxide and polypropyleneoxide and mixtures thereof, Including polyethylene gly- 
col monomethacryiate. maleic anhydride, malelc acid, t-butyl acrylamide, sodium styrene sulfonate, 
sodium vinyl sulfonate, hydroxy propyl acr ylate, hydroxy propyl methacrylate, 3-allyloxy-2-hydroxy pro- 
pane sulfonic acid, sodium salt, and vinyl phosphonlc add, wherein the weight average molecular 
weight for such polymer additives Is in the range of from about 500 to 250.000; and 

C) an organk: sulfonamide stabilizing agent according to Claim 1 which inhibits degradation of the phos- 
phonate deposit control agent A) by the biocide comprising chlorine, bromine or mbctures thereof. 

A composition according to Qaim 3 wherein said additional deposit control agent polymer additive B) is 
a member selected from the group consisting essentially of 90/10 to 10/90 AA/AMPSA. preferably 75/25 
and 60/40 AA/AMPSA, 100 AA, 75/25 SSS/MA. 33/33/34 AA/MAA/IA. 50/50 AA/AM, 70/20/10 AA/ AM P- 
SA/PGM-5, 10 and 20 (having 5, 10 and 20 repeating oxyethylene units, respectively), and AA/AMPSA- 
/TBAM. - ' 
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A compositjon according to Claim 4 wherein for the phosphonate deposit control agent A). M is hydrogen, 
R is methyl in ali occurrences, and n is about 2.6; the polymer additive B) is 70/20/10 AA/AMPSA/PGM- 
5 (having 5 repeating oxyethytene units); and the stabilizing agent C) Is toluenesutfonamide. 

A method of inhibiting the degradation of a polyether potyamino methylene phosphonate or N-oxide ac- 
cording to Claim 1, used to control the formation, deposition and adherence of scale-forming salts in an 
aqueous system containing a biocide comprising chlorine, bromine or mbctures thereof which tends to de- 
grade said phosphonate, 

COMPRISING THE STEP OF TREATING said system with an amount of the organic sulfonamide 
according to Claim 1 sufficient to provide a concentration ratio, based on equivalent weights, of organic 
sulfonamide to chlorine, bromine or mixture thereof of from 0.5:1 to 2.0:1, respectively. 

A method for Inhibiting the degradation of a polyether polyamino methylene phosphonate or N-oxide ac- 
cording to Claim 1, used to control the formation, deposition and adherence of scale-forming salts in an 
aqueous system containing a biocide comprising chlorine, bromine or mbctures thereof which tends to de- 
grade said phosphonate; 

comprising the step of treating said system with an amount of an organic sulfonamide according 
to Claim 1 sufficient to provide a concentration ratio, based on equivalent weights, of organic sulfonamide 
to chlorine, bromine or mbcture thereof of from 0.5:1 to 2.0:1, respectively; 

In which an additional deposit control agent to enhance the performance of said phosphonate Is 
Included In' the treatment and Is added together with said phosphonate as a single composition, or sep- 
arately to the aqueous system to be treated at any time or point In said system which is used for addition 
of said phosphonate deposit control agent; 

said additional deposit control agent comprising one or more members selected from the group con- 
sisting essentially of: 

homo- and copolymers including terpotymers comprising one or more of acrylamide (AM), acrylic acid 
(AA), 2-acrylamIde-methyI propane sulfonic acid (AMPSA), methacrylic acid (MAA), ethoxylated metha- 
crylate. Staconic acid (lA), polyether esters of acrylic and methacrylic acids and polyethers based on poly- 
ethyleneoxlde and polypropyleneoxide and mbctures thereof, including polyethylene glycol nrionometha- 
cryiafce (PGM), maleic anhydride (MA), maleic acid (MA), t-butyl acrylamide (TBAM). sodium styrene sul- 
fonate, sodium vinyl sulfonate, liydroxy propyl acrylate, hydroxy propyl methacrylate, 3-al!yloxy-2-hydroxy 
propane sulfonic acid (AHPS), sodium salt, and vinyl phosphonic acid, wherein the weight average nrK> 
lecular weight for such polymer additives is in the range of from about 500 to 250.000. 

A method according to Claim 7 In which calcium carbonate is the scale-forming salt, the aqueous system 
comprises a cooling tower, said biocide is bromine, and said additional deposit control agent polymer ad- 
ditive te a member selected from the group consisting essentially of 90/10 to 10/90 AA/ AMPSA, preferably 
75/25 and 60/40 AA/AMPSA. 100 AA, 75/25 SSS/MA, 33/33/34 AA/MAA/iA. 50/50 AAJAM, 70/20/10 
AA/AMPSA/PGM-5, 10 and 20 (having 6. 10 and 20 repeating oxyethylene units, respectively), and 
AA/AMPSA^-BAM. 

An aqueous system containing scale-forming salts and characterized by high pH and high calclte con- 
centrations wherein the pH Is at least 8.5 and the calclte concentration Is at least 150X, and further char- 
acterized by the presence of a biocide therein comprising chlorine or bromine or mixtures thereof; 

said aqueous system furt her containing. In an amount sufficient to establish a concentration of from 
10 to 50 mg/L. of a polyether polyamino methylene phosphonate of the formula: 



M2O3P - H2C R R CH2PO3M2 

N - CH - CH2 OCH2 - CH -)n - K 

M2O3P - H2C CH2PO3M2 

and optionally the N-oxIdes thereof; where n Is an integer or fractional integer which is, or on average is. 
from about 2 to about 12, inclusive; M is hydrogen or a suitable cation; and each R may be the same or 
different and Is independentiy selected from hydrogen and methyl; 



19 



EP 0 569 220 A2 

said phosphonate being subject to degradation by said biodde, wherefore said aqueous system 
also further contains an organic sulfonamide stabilizing composition for Inhibiting said degradation com- 
prising a compound of the formula: 

an organic sulfonamide stabilizing agent which inhibits degradation of component A) above, of the 
formula: 



10 



R-S-NHZ 
It 



15 



20 



10. 



wherein: 

Z Is selected from hydrogen; and alkali and alkaline earth metat salt-forming Ions; and 

R Is methyl, phenyl, or phenyl substituted by methyl; sufficient to provide a concentration ratk>, 

based on equivalent weights, of organic sulfonamkJe to chlorine, bromine or mbcture thereof of 

from 0.5:1 to 2.0: i. respectively. | 

An aqueous system according to Claim 9 wherein for the phosphonete being stabilized. M is hydrogen, 
R Is methyl In all occurrences, and n is about 2.6; the biodde is bromine, and the organic sulfonamide 
stabilbing compound is toluenesulfonamide. \ 
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tion against such degradation when they are 
added to the aqueous system along with the 
polyether polyamino methylene phosphonate 
scale inhibitors. 
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